I. INTRODUCTION
Flooding is an inevitable disaster in Taiwan since it lies within the most active zone of tropical-cyclone formation in the Western Pacific. With an average of three to four typhoons per year hitting Taiwan, summer seasons in Taiwan are always marked by high-intensity rainfalls associated with severe damages. To prevent severe storms inducing damages to agriculture and property in the downstream alluvial plains and urban areas, many structural flood-mitigation measures such as dikes and channel improvements had been well implemented over the past decades in Taiwan. However, rapidly economic growth associated with population increase leads to expansion of residential, commercial, and industrial districts. Additionally, extreme rainfall conditions are further deteriorated by the effects of climate change. Raised inundation potential for such changes needs to reevaluate the design criterion of existing flood-mitigation measures for those areas. Thus, a quantitative assessment of inundation potential is not only an essential component in water resources management, but also a primary concern in land development.
The purpose of this study is to develop the physiographic inundation model that is used in conjunction with Geographic Information System (GIS) to evaluate the impact of climate change on inundation potential. The proposed model is applied to simulate the inundation potential for the Tainan City watershed located in southern Taiwan for baseline (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) Four various recurrence intervals including 25-, 50-, 100-, and 200-year of 24-hour and 48-hour design rainfall for baseline and climate change scenarios are used to assess the impact of climate change on inundation potential of the study area.
II. PHYSIOGRAPHIC INUNDATION MODEL
The computational cells in accordance with the landscape and drainage network of the watershed are automatically generated in the Physiographic Inundation model. The water flow calculation is based on the continuity equation and discharge theory in each cell. The continuity equation for water flow is given [1] . 
A. Channel-Linked Discharge Formula
Flow between cells without obvious obstacles can be treated as an idealized channel flow and the discharge can be calculated using the Manning formula [2] . The discharge can be calculated by following (2) and (3)
where k i h , = the water stage from the k -th to i -th cells, given as:
where α = a weighting coefficient; Φ = the flow parameter, ; R = the hydraulic radius between the k -th and i -th cells,
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B. Weir-Linked Discharge Formula
On the other hand, for the adjacent cells divided by roads or hydraulic structures, the flow over them can be treated as the weir flow. The discharge can be calculated according to (5) and (6). a. For a free over weir,
where w Z = the elevation of the weir crest; b = the effective width of the weir; 1 μ and 2 μ = the weir discharge coefficients ( 1 μ = 0.37-0.57 and 2 μ = 2.6 1 μ ) [3] . Therefore, the explicit finite-difference representation of (1) can be written as III. STUDY AREA Tainan city is used as an illustrative example in this study. There are four major rivers basins in the study area: the Yanshui, Zengwen, Chiangchun, and Jishui river basins. The lengths of the main stream of four major rivers are about 41.3, 138.5, 27.6 and 65 kilometer, respectively; the areas of the river basins are about 343, 1117, 158 and 379 square kilometer, respectively. The study area is about 1997 square kilometer. The study area is shown in Fig. 1 . Fig. 1 . The study area ArcGIS™ software -ArcView ® and ArcInfo ® -are adopted in this study to analyze DEM, slope, and pool of the study site. Information of roads, drainage ditches, and land use is also included in the GIS database [4] . The entire basin was divided into 15410 irregular grids as illustrated in Fig. 2 using automatic modeling-cell-delimitation method by the spatial analyst, hydrologic model, and Object-oriented Programming of ArcView. All attributes of data fields were also calculated to build the necessary database for the Physiographic Inundation model. 
IV. RESULTS AND DISCUSSIONS
The Tainan city was selected as the study area. By using GIS, the computation cells for the Yanshui, Zengwen, Chiangchun and Jishui river basins were generated according to their physiographic characteristics. The hydrological and physiographic parameters were simultaneously obtained by combining the information of soil distribution and that of land use. Then, the physiographic inundation model was applied to simulate the inundation potential caused by 24-hour and 48-hour design rainfalls of different return periods for baseline and climate change scenarios.
A. Simulation for a Historical Typhoon Event
The physiographic inundation model was first applied to simulate the inundation phenomenon of the Tainan city induced by Typhoon Haitang in 2005 and Typhoon Morakot in 2009. The simulated maximum potential inundation depth, area and flooding disasters were compared to field investigations in the Tainan city [5] . The results are shown in Fig. 3 and Fig. 4 . From the comparison of Fig. 3 and Fig. 4 , the simulated maximum inundated depth and area are consistent with those in field investigations, implying that, it is reasonable and applicable to use the physiographic inundation model to study the inundation phenomena. 
B. Simulation Inundated Potential for Baseline and Climate Change Scenario
In order to investigate the influence of climate change on the inundated potential in Tainan city, the Physiographic Inundation model is applied to simulate the inundated potential of the study area with the hydrologic conditions for the duration of 24-hour and 48-hour design rainfalls for baseline and climate change scenarios for 25-year, 50-year, 100-year and 200-year return periods [6] . The results for simulating the inundated potential of the study area were illustrated in the figure of the inundated depth. The inundated potential of the study area with the hydrologic conditions for the duration of 48-hour design rainfall for baseline and climate change scenarios for 25-year and 100-year return periods were utilized as an illustrative example as shown in Fig. 5 and 6 .
As shown in Fig. 5 and 6 , the inundated area and maximum inundated depth increase significantly under climate change scenario based on the same rainfall duration and return period. Thus, the inundated area and maximum inundated depth increase significantly with return periods of climate change scenario. The areas of inundation potential with the duration of 24-hour and 48-hour design rainfalls for baseline and climate change scenarios were different, mainly due to variations in rainfall changes under climate change scenario. We analyze changes in rainfall at the gage stations in study area with the duration of 24-hour and 48-hour design rainfalls for baseline and climate change scenarios under various return periods. The rainfall of various rain gage stations in study area were different for baseline and climate change scenarios, the results of which are shown in Tables I and II. In order to investigate the difference in inundated potential under baseline and climate change scenarios in the study area. Further, the inundated potential was analyzed with the hydrologic conditions for the duration of 24-hour and 48-hour design rainfalls for baseline and climate change scenarios under four various return periods and the increases in inundated depths areas and volumes were summarized in Tables III and IV. In Tables III and IV, positive value indicates the increase in inundated areas and volumes under climate change scenario as compared to baseline; a negative value indicates the decrease in inundated areas and volumes under climate change scenario as compared to baseline. Tables III and IV indicate that the inundated depths, areas, and volumes may increase or decrease under the various storm events of different return periods after climate change, but on average they are significantly increased, especially for long return-period rainfall. The greater inundated depth of the region, the more inundated depths areas and volumes.
Results in
The inundated areas and volumes increase under climate change scenario with the various storm events of different return period of 24-hour and 48-hour. According to the results, the inundation phenomenon under climate change scenario is more serious than that under the baseline.
V. CONCLUSIONS
The physiographic inundation model was applied to discuss the impact of climate change on inundation potential. The Typhoon Haitang in 2005 and Typhoon Morakot in 2009 were used as two simulation cases to verify the ability and application of the physiographic inundation model. Our result shows that the simulated maximum potential inundation depth and area by the physiographic inundation model are consistent with those in field investigations. Furthermore, the inundated potential in the study area was simulated with the hydrologic conditions under the duration of 24-hour and 48-hour design rainfalls for baseline and climate change scenarios for 25-year, 50-year, 100-year and 200-year return periods. The comparison of the simulated results reveals that the inundated areas and volumes increase significantly under climate change scenario with different return periods of 24-hour and 48-hour, especially for long return-period rainfall. The greater inundated depth of the region, the more inundated depths areas and volumes. Thus, climate change causes more severe flooding disasters. The government should take steps to develop mitigation strategies to cope with the impact of climate change on flood potential.
